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PHOTOELECTRON SPECTROSCOPY
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_Atomic source holography
| (Szoke,1986)

An atom can be photoexcited to emit a photoelectron or fluorescent
x-ray wavefront.

N\ hotoelectron | fluorescent x-ray
. E
A deBroglie A = A) @ EQ (A =A) '

excitation
X-ray

exXcitation

X-ray W

~nre layel

x-\f‘-y (+ vesonant nac.scatt.)

The interference between this direct electron or x-ray wavefront, and waves

scattered by neighboring atoms creates a hologram. @ Bremsa ‘tr 3
excitation x-ray K-rays

% g
// " / | rence Wabg
i = B

core level

source 7Zscattering
atom %atom

A

Holograms can be collected for a range of wavelengths, “encoding” spatial
information of the atomic structure surrounding the emitter.

How can spatial information of the object can be imaged from these
holograms? |




PHOTOELECTRON HOLOGRAPH Y -——emvrs e
% X-RAY PLULORESCEBNCE NOLOEGRAPNY
eMeasure I(k) at several directions of emission (several k), and several
energies of excitation (several |k|). & \Iogung
IN K-8PACE:
eConvert to normalized chi function:

I(k) - Lo (k) 1(K) — Lo (K)
Io(k) Io(k)ll2

x (k)=

with I, (k) = intensity in the absence of scatterers.

eHolographically invert y (k) via 3D transform (Barton, Tong et al.):

o HULT ) — & .(ft;m-e hy »
[U()l= | [exp(= llkllrl)ﬂ exp(ik-r) F"(k )Ikl d[k|sin 0,,d0ydgy,| »
TWIN Ik| J dk ] <
SUPPRESION — > GNERSY ‘lm.ecmn e (>
with: exp(— Jlkllrl)exp(lk r) = kernel from single-scattering ’s (N
path-length-difference ‘.‘ x>
0, and ¢, = angles defining direction of K. AINTe
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DIRECT IMAGING OF MAGNETIC ATOMS WITH
SPIN-POLARIZED PHOTOELECTRON HOLQ(&RAPHY?

SIDE SCATTERING '
hy

‘ ol x (&)
An
Model cluster of MnO Normal image: H’,’» |F-T- OF X,
Positions of all atoms
WANE,
KADUMWELA
&Y A,
P8BS0,
RI6SC ('
Spin-sensitive image: A= Spin-sensitive image: Als
Spin orientations of Wy~ Ll" . Positions of only IF. T. OF

magnetic atoms magnetic atoms “0'16)1




la,. S, MO, (v=125366V) -

O1s
FiasT
DATA |
Sample provided
For A ] by Tokura et al.
CHR 51 La3d
< |
SAMPLE 2| Mn2p &
g_ MnAuger Cis Srad
La4p La4d

Mn3s Mn3s

.G nis(AU)

'''''''''''




Measurec countrate

. Measured countrate

(Hz per pixel)
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Measured and Corrected Results

Inelastic background

~ Mn 2p Abs. coefi. (arb. units)
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Fig. 1. Angle-resolved photoemission spectra taken on Nd-LSCO at 20 K. The measurement scheme
is depicted in (L), which covers the first and foutl quadranic Tuch o7 Ul panes (A) te (J)
represents a cut parallel to the (0,0) to (m,0) direction with k, covering from 0.10 to 1.17% with
an interval of 0.023m. (A) to (J) cover k, from —0.14w to 0.51m with an interval of 0.07. (K) shows

the same spectra as in (B), but with the high-energy background removed.

Zrou ET AL,
Science
286, 23(2000)
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Scienta Detector INOwinear Response

Ang

Determined from Gold Stndy

Exemplary Scienta angle-mode scan
polycrystalline Gold, ALS BL 10.0.1 hv=33eV

Gold max counts/sweep=928
(From EDC @ Ang.=15deg, averaged above Ef K.E.=29.3-29.4eV)

294 0 2000 4000
PO T ST T T
I 3500
: 3000
2500
2000
1500

25 |- 25

20 — 20

15 — 15

10 — 10

(8,

28\8 29.0 \ 29.2 \ 29.4

| LT |

we

Fermi Energy

Angular profiles abovd and below Ef, and their ratio, ave aged over 50meV energy window

Intensity (arb. Units)

2.5 — —— belowEf
—— abovekEf * Intensity profile
—— ratio from second-order
20 light emission
’ should match 1rst
Harmonic emission
profile! The
1.5 difference here is
count rate.
10 - Gronwo,
Y Lz, FEDERMY,
0.5 — DPESSAL
0.0 J

1 I I ]
10 15 20 25

Angle (degrees)




TIME-RESOLVED SPECTROSCOPY | g 8TT®" |
AT THE ADVANCED LIGHT SOURCE: 4 9
Photoelectron spectros i i holography:

-Undulator beamline (U5)
5% 10t
----> 1013 photons/sec into
‘,103 0.1eV@ 100 eV
’ 1.0 eV @ 1000 eV

-Advanced photoelectron spectrometer with +6°
acceptance and 100-700 channel high-speed detector

---- > full spectrum at one time

-Overall photon-to-detected e- yicld ¢t 10-4-10-6 for
single spectral peak (e.g., C 1s, Fe 2p)

---->107-109 electrons/sec over peak

-Foi 1% statistics in 100-channel spectrum

— >: sEectrum in 10-1-10-3 secl
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Overall detectoi layout -

RRANE

TTL TO ECL N

Q
DRIVER N\
ODBC(1of12)
T oomooo ©

SDC (1 OF 12) —

[ } i N
©!]1© | | ©! ||©:
T | P! [ : Rk :
Lo i | Co
(©) | © i i '©) | I©),
k__)\k_ g I N

_COUNTING AREA

D D D D D D )
(10mm x40mm)

ECL TO TTL o)
| T—— RECFIVER

COMPLIANT

CLAMP 2 MICROCHANNEL PLATI

CERAMIC SUBSTRAT B L IERS
COLLECTOR PLATEK Electrons, Photons, lons 50 MICRON KAPTON
7

CERAMIC //Ari R TR AR AR A A A ll/j INSULATOR

SUBSTRAT—E\ #

A A /// 0 ///// //// A VA

) %

SUPPORT >(

NEN




ise

__,m._m>o ZHO _‘ ,m:_omnw .:ogu_E 0S r...w_mc.mm:u.. 89/

¥0.10313d TINNYHOILINA
NOILVHINIO-LX3N V




Count Rate Per Chanral (MHz)

1.4

1.2

1.0
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0.6

Test of detector linearity - electron flood gun
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Comparison of severai existiiig detectors:

Detector Channel Resolution Number Maximum Maximum
Width, = AE/E pass of Count Rate Per Overall
Ar (um) x10 Channels Channel Count Rate
1] [2] &
—ONE-DIMENSIONAL:
ELETTRA Project (Italy)-MCP 320 8.0 96 5 MHz 5 MHz [5]
+ ex situ IC's [4]
Integrated Sensors, Inc.-MCP 160 4.0 116 100 kHz 12 MHz
+ single wafer IC's (UK)
lt;BNt T(l;lghspeed—MCP + on- 50 1.3 768 ~1.1 MHz 0.8 GHz
oard IC's: 50 1.3 768 .
1* generation /k (50) (1.3) (768) (>2 MHz) (>1.6GH2)
(2™ generation—this
proposal)
PHI MultiChannel (US)-- 2000 50.0 16 ~41 MHz ~16 MHz
multiple channeltrons
—TWO-DIMENSIONAL:
Quantar—MCP + Resistive 155 3.9 256 300 kHz 300 kHz
Ancde (L) [6] ann 10.0 100 1 MHz 1 MHz
Scienta MCP + CCD, in 110 2.8 ~367 < 2kHz < 750 kHz--
greyscale mode (Sweden) non-linearity

Table 1—Performance characteristics of the existing one-dimensional and two-
dimensional detectors for electrons and soft x-rays

[1] Channel width not including channel crosstalk effects. The LNBL detector has a 75um effective width
nciuding s cresslain {5 Fig.otal, o#ill gmaller than the non-correctad figures for alil other detectors.
2] Resolving power is computed from the offective channel width, applied to the case of a 200mm

hemispherical electron analyzer (Scienta ES200). In this case, with E,ass = Pass energy after retardation
and r, = mean analyzer radius, AE/Ep,ss = AT/20,, Note that the best possible resolving power for the

Scienta ES200 is AE/Ep,ss = 10°.

3! This figure represents all channels running at near saturation. In practice, the detector would generally
be used to coilect signals that vary In intensity across the dispersion axis (i.e. spectral features). This
results in some channels perhaps running near saturation, but others significantly below the saturation

tevel. In such cases, this overall actual count rate will not be as high as stated.

4] Non-commercial development project at the ELETTRA synchrotron radiation facility in Trieste, with first

description in L. Gori, et al., Nuc. Instr. and Meth. A, 431 (1999) 338-346.

5] Overall-detector linear count rates actually achieved to dats, including combined limitations due to

electron multiplier, preamp+counting electronics, and external data handling system. Thus,

column is not always equal to the product of the two next to it.

[6] Figures for two different Quantar models are given. The per-channel and global count rates

identical due to the nature of the detector.

the final

are always
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THE SPIN FCTER™

Spin .
modulated Intensity
electron &
source Polarization
o 20nm T 2wm, ~ 05\‘:\’ ™ANS
I R I L S o T
3t Ta | S Ie FsIT™M) & 4 ]
@ * T > L .
el B Y. o > 5 ' a MM
W re—o® - o © l/ ) A 4
T e oqao =
i 5 6 7 80 ¢ |Fel Au
E-Er [eV] $am 2am Tnm E-Er[eV]
~10”3
TRANS. 035"‘2:
HuLBEAT Wi, =T A
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